Although fish in natul poplions may carry body burden of both organic and inorganc mercury1the:effecs of this divaknt metal on such lowr verterat is poorlnderntoed: In this report. in-gnc ecuyinte om of mer-cuucslr (HgI2 i do to (5) (6) (7) . It has been suggested that low doses of mercury might also activate the immune systems of nonmammalian species (7, 8) , although direct demonstration of this phenomenon has not been provided. Teleost fish such as Sciaenops ocellatus, the red drum, possess neutrophils, macrophages, T-cell subsets, and B lymphocytes that are comparable to those of mammals (9 (11) . Osmotically adjusted RPMI 1640 (RDRPMI) was supplemented with 5% red dnum serum and 5% human serum, as previously decibed (11) To compare the time required for HgCl2 to activate or inhibit cell proliferation, freshly isolated red drum PBLs were treated in parallel in one of three ways. For short-term exposures, cells were treated in batch culture for 10 min with 2 ng/ml TPA and 1 pM HgCl2, washed by centrifugation, and returned to culture in individual microtiter plate wells with TPA alone for 18 hr. For long-term exposures, PBLs were treated continuously for 18 hr with 2 ng/ml TPA and 1 pM HgCl2 in individual microtiter plate wells. To control for possible detrimental effects of the short-term exposure washing procedure, cells from the same fish were treated in batch culture for 10 min with 2 ng/ml TPA and 1 pM HgCl2, washed by centrifugation, and placed in microwell cultures with the same doses ofTPA and HgCl2 for 18 hr. After the indicated exposure periods, all treatments were removed from the wells with minimal disturbance to the cell layer. New media without mitogens was added for an additional 30 hr, after which cell proliferation was measured as the uptake of 3H-thymidine over 18 hr and calculated as indicated above.
Westem Blots for Tyrosine Phosphorylation
Red drum PBLs were resuspended at 5 x 106/ml, treated with 0, 1, 10, or 100 pmM HgCI2 for 1 or 5 min, and centrifuged at 1200 rpm in a microcentrifuge for 5 min. The resulting pellet was resuspended in lysis buffer [20 mM Tris-HCl, pH 7.5; 0.1% Triton X-100; 1 mM EGTA (ethyleneglycoltetracetic acid); 2 Calcium Assays Calcium flux was measured using freshly isolated PBLs washed and resuspended in RDRPMI at 5.0 x 106/ml. TPA, HgCl2, or DMSO control were added, followed by 0.5 pCi/ml 45Ca2+ (NEN Research Products). Cells were incubated with radiolabel at room temperature for 10 min, placed on ice, and washed twice in cold phosphate buffered saline (PBS). The final cell pellet was resuspended in 100 pl lysis buffer (1% SDS in 0.5 N NaOH), dissolved in Ecoscint 0 (National Diagnostics, Atlanta, GA) scintillation cocktail, and quantified using a liquid scintillation counter. Each illustrated data point represents the average of duplicate assays ± SEM with significance calculated using the Students t-test.
To assay intracellular calcium levels, freshly isolated PBLs were loaded with 2.5 pM fura-2 (Sigma) for 30 min. Cells were washed by centrifugation and resuspended in Dulbecco's PBS at 10 x 106 cells/jil. All HgCl2 and DTT concentrations were added as 10 ll aliquots directly to 1 ml of cells in quartz cuvettes. Relative calcium concentration was monitored by fluorescence absorbance using an SLM 800 spectroluminometer (SLM Aminco, Rochester, NY). The monochrometer was set at 360 nm for excitation and 510 nm for emission. Absorbance changes were monitored over 1000 sec. Where appropriate, MnCl2 (40 pM) was added at the termination of experiments to assure that extracellular fura-2 did not contribute substantially to the observed fluorescence signal.
Results

Concentration and Time-dependent Effects of HgCl2 on PBL Proliferation
In the absence of exogenous mitogens to stimulate cell growth, cultures of red drum PBLs did not proliferate substantially (100-300 cpm 3H-thymidine). HgCl2 had no statistically significant effect on these unstimulated cultures (data not shown). When red drum PBLs were stimulated with optimal mitogenic doses of TPA (20 ng/il) in the presence of various concentrations of HgCl2 the proliferative response was completely inhibited by concentrations of mercury .10 pM (Fig. 1) . A long-term B cell line derived from channel catfish, 1B10 (12) , and a human lymphoblastoid cell line, MP-8 (13) (Fig. 2) . In contrast, when red drum PBLs were stimulated with submitogenic concentrations of TPA, HgCl2 dramatically enhanced cell proliferation, as measured by the uptake of 3H-thymidine into DNA (Fig. 3) . The action of TPA and HgCI2 on the proliferative response was synergistic because their combined effects exceeded the expected additive effect of each reagent alone. In PBLs from all three animals tested, 2 ng/ml TPA achieved maximum synergism with 0.1-1.0 pM HgCl2 causing the proliferative responses to increase by 2.6, 2.7, and 5.9-fold over 2 ng/ml TPA alone (p<O.OO1 for each experiment). Low concentrations of HgCl2 did not routinely enhance proliferation in cells treated simultaneously with suboptimal mitogenic levels of LPS or ConA, although small, insignificant increases were often observed (Fig. 2) .
To determine whether it might be possible to distinguish the cellular targets for HgCI2-mediated toxicity and enhancement, we tested whether these cellular responses were differentially effected by the length of exposure to mercury. Freshly isolated PBLs were incubated for 10 As observed in previous experiments (Fig.  1, 3 endonucleases that are toxic to the cell (19) (20) (21) . Red drum PBLs stimulated with 1 jIM HgCl2 displayed a twofold rise in fura-2 fluorescence ratio, which was remarkably similar to the kinetics and duration of calcium flux observed in mammalian lymphocytes treated in a similar fashion (22) .
Even in unpolluted areas, natural fish populations may have substantial body burdens of mercury (50-400 pg Hg/kg), of which 20-40% is inorganic (23) . In areas tainted with mercury, fish bioaccumulate and biomagnify this metal largely through lower trophic feeding. Once consumed, a substantial fraction of inorganic mercury becomes covalently bound in tissues (24) . The extent to which sufficient free mercury may be available in vivo to alter the activation state of the immune system remains to be determined. The in vivo consequences of these mercury-induced activation events on the fish immune response also must be clarified. Nonetheless, the observation that HgCl2 can alter activation events in fish leukocytes supports the contention that critical subtoxic doses of environmental mercury may be a serious factor in evaluating the ability of aquatic habitats to support healthy natural fishery populations.
